SSA 


FROM DESIGN TO MARKET 
ELECTROMAGNETIC 


COMPATIBILITY (EMC) 
ENGINEERING 





4T SEMINAR 
APRIL 13, 2016 
HILTON HOTEL / ANKARA 


Levent Sevgi 


Okan University 
Department of Electrical and Electronics Engineering 
Akfırat — Tuzla / İstanbul, 34959, Turkey 


levent.sevgi(Dokan.edu.tr 


Copyright 





OThe use of this work is restricted solely for academic purpose. The 
author of this work owns the copyright and no reproduction in any 
form is permitted without written permission by the author. 


L. Sevgi / Hilton-Ankara Apr 13, 2016 


Abstract 





This presentation explores the fundamentals of EMC engineering, 
examines fundamental terms, concepts and definitions, highlights 
issues and the procedures from design to market for both technical 
and non-technical people, including market control, accreditation, 
calibration, EMC tests and measurements, and EMC protection. 


Index Terms: EMC, market control, accreditation, calibration, EMC 
tests and measurements, EMC protection. 
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Definition 


=> DEVICE - DEVICE INTERACTION 


by EMC ENGINEERING 


=> DEVICE - HUMAN (TISSUE) INTERACTION 


by BEM ENGINEERING 
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Common EMI Problem 


Radiated Emission (RE) Radiated Susceptibility (RS) 


Conducted Emission (CE) Conducted Susceptibility (CS) 
GROUND 
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EMC Problem Definition 


COUPLING PATH 


SN COUPLING PATH 





Solution? 


2 Reduce EMI at the Source 
= Strengthen the Victim 


" Remove the coupling Path 
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EMC and Coupling 


Hadiative 


— 


Source —« Victim 


Inductive | Capacitive 


— 


Conductive 
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EU Directives 


= EMC DIRECTIVE (89/336/EEC) -> EMC DIRECTIVE (2004/108/EC) 


The EMC Directive applies to all electronic or electrical products liable to cause 
or be disturbed by an electromagnetic disturbance. As a result a large number 
of manufacturers in the electronics or electrical industries need to ensure that 
their products are compliant with the requirements of the Directive and be able 
to demonstrate that this is the case in order to affix a valid CE Marking to them. 


FN Official fowmal ot he FPurrupesın Union 31.12 3004 


DIRECTIVE BUM TOUS EC OP THE EUROPEAN PARLIAMENT AMD O THE COUNCIL 
of 15 December 2004 
om the approximation of the laws ot the Member States relating to electromagnetic Compatibility 
EC 


and repealing Directive £9/336/E 


(Tex r with FFA relevance) 


THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EURO- ü The electromagnetic compatibiliry of equipment should 
PRAN UNION Le regulated with a view to ensuring the functioning of 
the internal market, that is to say, of an area without 
internal frontiers in which the free movement of poods, 
Having regard to the Lreaty establishing the European Com persons, services and capital is assured. 
munity, and in particular Article 95 thereof 
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CE Marking 


= The CE marking (also known as CE mark) is a mandatory 
conformance mark on many products placed on the 
single market in the European Union (EU) & European 
Economic Area (EEA). 


= The CE marking certifies that a product has met EU consumer 
safety, health or environmental requirements. Originally "CE" 
stood for "Communauté Européenne" ("European Community") 
or "Conformité Européenne" ("European Conformity"). 


= According to the European Commission today, the CE logo has 
become a symbol for free marketability of industrial goods within 
the EEA without any literal meaning. 


= By affixing the CE marking to a product, the manufacturer — on 
his sole responsibility — declares that it meets EU safety and 


health and environmental requirements. 
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CE Marking 


The procedure 


=" Identify applicable “Directives”. 

# Identify applicable “Conformity Assessment Module”. 

= Identify applicable “Standard”. 

= Test a sample of the product, either by yourself or in a lab. 
= Compile “Technical Documentation”. 

= Sign the “Declaration of Conformity (DOC)”. 

= Affix “CE Mark” on the product 


= You're free to go to Market. 
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EMC Standards 


Basic Standards: Define and describe the EMC problem, 
measurement and test methods, principle measuring equipment and 
test set up. They contain no limits and state no interference criteria. 
Basic immunity and emission EMC standards are specified by the IEC 
and CISPR, respectively, (for example, CISPR 16 and IEC 61 000). 
Generic Standards: are standards that have to do with a particular EM 
environment. They specify appropriate series of requirements and 
tests which are used for all products and systems in this environment. 
There are two major environments: (1) Residental, commercial and 
light industry, (2) Industry. 

Product Family Standards: contain special limits for emission and 
immunity for a specific category of devices (e.g., CISPR 22, 
Information Technologies). They contain many basic standards. 
Product Specific Standards: are for specific product (e.g., prEN50220 


is immunity standards for hearing aid products). 
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EMC Standards 


EMC Directive Standards 
Harmonized standards for the implementation of the Council Directive 
89/336/EEC (2000/C 359/02). 


CENELEC 
= EN 50081-1:1992 — Electromagnetic compatibility —Generic emission 
standard —Part 1: Residential, commercial, and light industry. 


= EN 50081-2:1994— Electromagnetic compatibility —Generic emission 
standard —Part 2: Industrial environment. 


=" EN 50082-1:1998— Electromagnetic compatibility—Generic immunity 
standard—Part 1: Residential, commercial, and light industry. 


= EN 50082-2:1995— Electromagnetic compatibility—Generic immunity 
standard—Part 2: Industrial environment. 


= EN 50083-2:2001—Cabled networks for television signals, sound signals, 
and interactive services—Part 2: Electromagnetic compatibility for 
equipment; Amendment A1:1997 to EN 50083-2:1995. 
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ә ta 


Frequency 
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EMC Limits 


Conducted Emission 


EN 50081-1:1992 EMC General EN 50081-2:1993 EMC General 
Emission Standard Emission Standard 


Level 


[dB UV] 


GP detector 


60 
Å detector 


60 QP detector 


A detector 


(Commercial, light Industry) (Industrial Environment) 


0.5 5 30 0.5 5 30 
Frequency [MHz] Frequency [MHz] 
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EMC Limits 


Radiated Emission 


ул 
о 


de 
e 


Class A 


EM Level [dBuV/m] 


Uu 
c 


Distance 2 10m 


66 100 210 230 960 1000 
Frequency [MHz] 
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EMC Tests & Measurements 


110- 


Peak | 
100 Q-Peak “ә 
Average |“ 


Hz - * 


X: Q-Peak 


I I I 
1 nn 1n nn 2n nn 


Frequency [MHz] 


Signal Level uu 
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Results & Consequences 


EU rapid alert system RAPEX informs Member States and EC on measures 
taken to prevent or restrict the marketing or use of products posing a 
serious risk to the health and safety of consumers with the exception of 
food, pharmaceutical and medical devices, which are covered by other 
mechanisms. 


Every Friday, the EC publishes a weekly overview of the products posing a 
serious risk which gives information on the product, the identified risk 
and measures that were taken in the notifying country. 


In Turkey, Ministry of Science, Industry and Technology is responsible for 
Random Surveillance and Control. Equipment fail to meet requirements 
during these controls are banned from the Market. 


A product recall (a request to return a product after the discovery of 
safety issues or product defects that might endanger the consumer or 
put the maker/seller at risk of legal action) is also another consequence. 
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EMC Tests & Measurements 


= EMC tests and measurements must be 


reliable 


realizable 


repeatable. 
These three factors are fundamentals of traceability. 


= Traceability is the ability / possibility of a test or measurement 
result/value available for a comparison within a chain of 
national/international references within a specified 
uncertainty. 
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EMC Tests & Measurements 


. The measurements can be conducted in an anechoic chamber or in an 
open field test area (OFTA). In either case, one needs to be sure that all 
undesired environmental interference and noise source are well-isolated. 
This is achieved by OFTA / anechoic chamber calibration. 


. The Equipment under Test (EUT) is located on a turn-table with negligible 
EM scattering characteristics. Standards list all critical information related 
to that. 


. EUT is connected to the mains and worst case emissions are recorded by a 
broad band receive antenna. This needs to find out EUT's maximum 
emission direction, orientation, etc. The staff must show that there is no 
mutual disturbance between the mains and EUT and they are well- 
isolated. 


. Emissions captured by the receive antenna are recorded by an EMI 
receiver. The antenna, cables, and the EMI receiver must all be calibrated. 
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Monitoring / Provision / Authorization 


= Who will do the tests & measurements? 


и |n which environments will the tests & measurements be 
performed? 


= What type of equipment will be used during the tests & 
measurements? 


= Who will monitor / control the tests & measurements? 


= Who will control & authorize everything / process? 


= How will us be sure that everything is OK during these 
processes? 


* THE ANSWER COMES WITH ACCREDIATION! 
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Accreditation 
The act of official granting credit or recognition by an authority. The 


difference from certification is that it includes quality management 
system. 


TARGET 
One Standard 


One Test / Measurement 


One Certificate 


GET a RECOGNITION worlwide! 
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Accreditation 


Accreditation of Scope/Activity: 
Laboratories ISO/IEC 17025 

Testing and Medical examinations | ISO 15189 

Laboratories 

Certification Bodies EN 45011 and 

Product certification ISO/IEC 17065 
Certification Bodies 

Certification of persons pr 
Certification Bodies 

Management systems certification -—... 


ISO/IEC 17020 
EN/ISO 14065 
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Accreditation 
Market Control 


= Worldwide accreditation bodies are International 
Accreditation Forum (IAF), International Laboratory 
Accreditation Cooperation (ILAC), European Cooperation for 
Accreditation (EA), Inter-American Accreditation Cooperation 
(IAAC), and Asia Pacific Laboratory Accreditation Cooperation, 
(APLAC). 


= A global acceptance of the services provided with these bodies 
is established by signing multi-literal agreements (MLA) which 
constructs the essential trusting mechanism. 

= The MLA signatories recognize and accept the equivalence and 
the reliability of the accreditation systems operated by the 
signing members. 
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Accreditation 


LAG IAF GHEE Universa 
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Accreditation 


—— | абогаблагу 
Evaluation 

—— Equi- 
Evaluation 


European 
Accreditation (EA) 


Germany 
([ DAKKS 


AM eir rite 
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Antenna calibration 


EMI 
Receiver 


Vrec 500 Va 


+ — 


P 
Rec R=3 m 


= EMI receiver measures V,.., but displays E; how are these two related? 


Rec? 
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EMC Tests & Measurements 


Why measurement ? 
= For the process control 


= For the process design 
= For the process optimization 
= To show the compatibility with the standards 


What quantities to measure? 

= Operating frequency 

= Power 

= Temperature 

= Pressure, velocity 
Material properties (o, £, u) 
Current / Voltage 
Electric and magnetic fields 
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EMC Tests & Measurements 


A Feature of EMC Engineers: 


= EMC engineers never agree 


UNLESS THEY ARE DRUNK! 


A Tip to EMC Engineers: 


= If you want to be sure 


NEVER MEASURE TWICE! 
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A typical EMC measurement 


= Many electronic devices have to live side by side in a close 
proximity. 

= Their operating frequencies are also in the same bands. 

= Their mutual interference have become crucial! 


Example: 


AT vs. Tower case 


hö xum, 
— — 
—— 


AT Case Tower Case 


e P-200 (200 MHz) family RE tests 
* 10 MHz — 10 GHz measurements 
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A typical EMC measurement 


AT Case 

Shielded AT Case 
Tower Case 
Shielded Tower Case 


100 1000 10,000 
Frequency [MHz] 


= 200 MHz clock spped creates problems in and above UHF band. 
= SE performance is better in Tower cases. 
= Today, we have computers in the market with 5-10 GHz clock frequencies. 


= The first 10 hormonics reach to 100 GHz. 
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— 2 Apertures 
1 Aperture 











~ Frequency [GHz] 
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Radiated Emission (RE) 


Dimen [m] Cut-off Freq 
a-b [MHz] 


15-30 11.2 
15-20 12.5 
10-20 16.7 
10-10 21.2 
5-10 33.5 


Signal Level 


5-5 42.4 


Frequency 


Cut-off fregs — 
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EMC Tests & Measurements 


Radiated Emission (RE) 
measurement distance L = 3 or 10m 





cable drops well 
back from antenna 


from the antenna reference point 

to the boundary of the EUT 

o (CISPR 22) or the centre 

through 360° ofthe tumtable (CISPR 11) AN ^ 


EUT rotated 
































both 


polarisations . 
tested ferrites on 


Height varied cable 


over 1 to 4m to spectrum 
at each test analyser or 


frequency test receiver 





turntable 
























































ground plane between antenna and EUT 





L. Sevgi / Hilton-Ankara Apr 13, 2016 


18 


hand-operated devices 
placed as for normal 
useage 


rear of EUT to be flush 
vvith rear of table top 


associated 
equipment 


to receiver or 
spectrum analyser 
via limiter 


Main AMN 


HORIZONTAL GROUND REFERENCE PLANE 
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EMC Tests & Measurements 


RI: Radiated Immunity 


EUT 
(all four sides 
to be tested) 


antenna (both 
polarizations required) 
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| öZ vvith area of uniform field 





non-conductive tåblg 


80cm to 
ground 

reference 
plane 
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front face of EUT co-planar 


ferrite sleeve 
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EMC Tests & Measurements 


EMC antennas 
Conical: 100 MHz - 1 GHz Bi-conical: 30 MHz — 300 MHz 


(CC 


Log-periodic: 300 MHz - 1 GHz 








Bilog: 30 MHz - 1 GHz 
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EMC Tests & Measurements 


EMI Receiver 





Specifications Ho do you know these definitions? 
Freqdeny 00 «Readout Accuracy 


Range 100 kHz to 3 GH? (Option £ x 
100 kHz to 6 GHz (Option: = Precision 


Frequency readout accuracy * (frequency indication xt Y Resolution Bandwidth 
195 x span + 10% x RAW + m 
Selectivity 
Internal reference accuracy z L b ppm/ycar (within 2 y “- 
Aging rate : + 2 ppm/ycar Temperature Stability 
lemperature stability 1 ppm 


Resolution bandwidth (REVV) 10 Hz to 200 kHz in 10% st 
Sclectivity (60 dB/3 dB bandwidth ratio) Digital. approximately Gau y 
Span > 0: ABW = 200 kHz < 8.4:1 (nominal) 
Span > 0; REW = 250 kHr x: 45:1 (nominal) 
Zero span: RBW s 160 kHz < 651 (nominal) 
Zoro span: ROW = 200 kil: = 31 (nominal) 
Fara anan 3 kHz to % MHz in 1, 2, 5 sequence, 250 kHz and 1.25 MH? 


Phase noise 


Harmonic parasitics, etc. 





Accuracy 
(RBY = 200 kHz) < 2% zero span; < 7% span> O (nominal) 
(RBW = 250 kHz. 300 kHz. 1 MHz. å MHz) = 4% zero span: < 42% span > 0 (nominal) 


Wideo bandwidth (VBW) 1 Н2 to £ MHz and 50 MHz (wide open] 
1 Hz to 10 Hz in 1 Hz steps 
10 Hz to 3 MHz in 10% steps 4. 5. 6. 8. 30 MHz 
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EMIC Tests & Measurements 
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EMC Tests & Measurements 





RE (Hor Pol) 


NNI İL 
MEHTİ OT 
| nu. vü 





IM IHI, ma 


In abr 
"I 


0 "T 


30 к та EM "T | Bn 508 500700000 504 6 
L 
FREQUENCY (MHz) 
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ESD levels 


up to 15-17 kV static charge up to400 kV static charge 
up to 100-150 pF capacitor up to 10-15 nF capacitor 
up to 12 mJ energy storage up to 2 kJ energy storage 


2 mJ is the value in the standards 
350 mJ is the limit value A 
101 life threat | 
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A 
" 
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EMC Tests & Measurements 
Evaluation and Reporting 


Uncertainty 


Uncertainty 


Threshold 


All the procedure should be reliable! 
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EME Problems & Classical Approaches 
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EME Problems: Available models 


High Frequency Asymptotics (Analytical Methods) 


GO : Geometric Optics (plane wave, reflection + refraction) 
GTD : Geometric Theory of Diffraction (GO + diffraction) 

PO : Physical Optics (surface currents, reflection + refraction) 
PTD : Physical Theory of Diffraction (PO + diffraction) 


Numerical Techniques 


FDTD: Finite Difference Time Domain 
(direct discretization of Maxwell’s Equation ) 
TLM: Transmission Line Matrix 
(3-Dimensional transmission line matrix representation) 
MoM: Method of Moments 
(requires derivation of Green’s function) 
PEM: Parabolic Equation Method 
(one-way axial propagation simulation) 
FEM: Finite Element Method 


(requires discretization in terms of patches) 
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EM Wave Scattering 


EM waves 


interact with objects 


and Scatter. 


Wave Scattering includes 
Reflection 
Refraction 


and Diffraction. 
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EM Wave Scattering 


@ Source 


1. Cylindrical Incident wave 

2. Incident + Ground reflected 
3. Muli-reflections 

4. Diffraction contribution 
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EM Wave Scattering 


MTM-FDTD 


M. Cakir, G. Cakir, L. Sevgi, “A Two-dimensional FDTD-based Virtual Metamaterial - Wave Interaction Visualization Tool,” 
IEEE Antennas and Propagation Magazine, Vol. 50, No. 3, pp.166-175, Jun 2008 


L. Sevgi / Hilton-Ankara Apr 13, 2016 





26 


Hü səl 
TUI NI 
NJS UI 
NT DE K tuğ 
TN TT ə ep 


E HL | 
LT 
CHINE 21 I 
ИДИ TH OZ H 4 
ANA E 

qorunun itil ИН 111 Hr LIN 

>. İİİ AM ques | 


F ə: [Hz] 


Signal Level [dBuV/m/k HZ] 


L. Sevgi / Hilton-Ankara Apr 13, 2016 


EMC Sources 





= Electric Dipole (Common mode radiation) 
Dipole antennas, OC transmission lines 
High Voltage/Low current 
High Impedance 
Electric Field is dominant in the near field 








=" Magnetic Dipole (Differential mode radiation) 
Currents flowing on a closed loop 
Low voltage/High current 
Low impedance 
Magnetic field is dominant in the near field 
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EMC Sources 








Impedance [(9] 








0.2 03 04 05 07 1] 
Distance in terms of wavelength (1/27) 
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Differential and Common Mode Currents 


Non-ideal grounding creates EMI problem: 


Differential Differential 
Mode currents Mode currents 


“ə.a 2 
Povverline 


Motor 


Common Mode currents 
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Differential mode 


ии ир eee 
2 


max 


Common mode 


É 
Есм max m 0.63x 10 2 
Nl F 
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EM radiation mechanisms 


= Magnetic dipole 
Current: | - 1mA CISPR 22 LIMITS (Radiated) at 10m 


Area: A=50mmx5 mm 
30 - 230 MHz 140 dB uV/m İ30 dB ,/V/m 


= Electrical dipole 230 - 1000 MHz [47 dBuVim 137 08 Vim 
Current: |= SuA 


Wire length: L= 100 mm 





Distance: R= 3m 


Freq Mag Dipole Elect. Dipole 
dBuV/m 
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Skin/Penetration De 


= Electromagnetic waves can penetrate materials. 
= Strenght of the wave varies inversely with the distance . This 


dependence is as: exp(—r/06) 


= The attenuation depends on the frequency and conductivity of 
the material. The depth inside the material where the amplitude 
drops to 1/e is called skin/peneration depth: 
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Skin/Penetration De 








Resistor effects 











] 
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Transmission Lines 


Coaxial Line 


Two-wire line 


Microstrip line 
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d : wire diameter 
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2 
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d” 
za y I(z) 
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Transmission Lines 


" Any Lor C “effect” can be realized with a piece of TL. 


| Z, + jZ, tan(/7) 

E al A Z,=Z > AE O 
ә Z, + JZ, anf) "^ 
miZ} 2, = —Ј2, cot( fl) Z, — jZ, tan(ff) 


¡ES 


Inductive 


Inductive 


AA AA  — ee әәә нә 


| Capacitive 
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EMC Problems 


When you are facing an EMC problem consider: 


> Frequency 
> Signal Strength 
> Time / Duration 


3 Discontinuities / Impedance 


> Geometry / Boundary Conditions. 
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EMC Problems 


Take into account: 


ə Time - Frequency 


> Frequency - Geometry 


> Frequency -Impedance 
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Time — Frequency Relations 


= Electromagnetic interference (EMI) maybe continuous or 
transient. 


= It is much better and easier to deal with EMI problems in 
the frequency domain. 


= Discrete signals have infinite number of harmonics. 


= Fourier transform is used in signals and systems. It is a 
mathematical definition. 


= Discrete Fourier Transform (DFT) is used in practice. 
Remember; it is numerical, not mathematical! 
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— 


T 











= EM emission is related to the rise time and pulse repetition frequency; 
immunity is related to the rise time. 


= To increase clock frequency three (3) times increases the emissions 10 dB! 
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Frequency — Geometry Relations 


= Equal and opposite currents decrease EM emission. 

= The Geometry, i.e., dimensions (length or area) are two 
important keywords. 

= EM emissions change with currents, frequency, and 
dimensions. 

= A typical example for the loop antenna is the printed circuit 
boards (PCB). 

= Cables and connectors are examples for dipole antennas. 

= Slots also act as dipole antennas. 

= Apertures and holes act as slot antennas (dominant at 1/2; 
still effective at 1/20). 

= Always, reduce PCB areas and cable lengths. 
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Transmission Line Antenna Loop antenna 
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Frequency — Impedance Relations 


Impedance is an obstacle for the desired function/operation. 


Bolds act as inductances at high frequencies and increase the 
impedance, block the current. 


Bonding and leakage capacitors form alternative current 
paths. 


Impedance vs. Frequency of electronic elements are highly 
different than their theoretical models. 


L. Sevgi / Hilton-Ankara 


Impedance Mismatch 


Pa 
Z 


V 
out 
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EMC and Protection 


= Separate systems, if possible: 
Increase the distance 
Use a shield in between 


= Use a filter to suppress undesired frequencies: 
LC/TL/Microstripline Filters 
Ferrite Filters 


= Match the impedances between systems: 
Watch out the discontinuities 
Beware of the skin/penetration depth 


S Modify the grounding: 
Beware of the common mode currents 


Choose better grounding conductors. 
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Characteristics of the LC elements in a 2-port circuit 


alt | 0 dE 
LPE | 
i —”һиж Ereq 


(Бә 0 dB 
(ав) 


= A series inductor(and/or a parallel capacitor) in a 2-port circuit acts as a LPF. 
= A series capacitor(and/or a parallel inductor) in a 2-port circuit acts as a HPF. 
= A serial resonance circuit(and/or a parallel resonance circuit) inserted serially in a 2- 
port circuit acts as a BPF. 
= A parallel resonance circuit(and/or a serial resonance circuit inserted in parallel in a 2- 
port circuit acts as a BSF. 
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Ferrite Filters 


Impedance vs. frequency 
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Ferrite resistance 
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increase Impedance 
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Impedance vs. wind 





N 
15 


08 





Frequenty (Hz) 


F es decrease 


Shielding Effectiveness (SE) 





Incident 
Wave 


Reflected 
Wave 





Secondary 
Reflections 





SE=A+R+B [dB] 


Screen 


<n 
Wave 


A : Absorption loss 
R : Reflection loss 


B : Second refl losses 
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Shielding Effectiveness (SE) 


worst case estimate: use magnetic or far field equations 





Far field Near field 
plane wave |Eleciric predominant Magnetic predominant 
E Fw otro r rn 


131d ou, 


“Absorption SAZ 


fra, 


F 


ә = Y (3221 E 
Reflection Sp fu) VG lolog uf 
Ü if SAz10 dB 


othervvise: 
30 + 10logd*fa,u, 


| Correclion Syp= 


E-field: Academic case 


Total SE= SE=SA+SR SE=Sat+SptSyp 
_ Screening Effectiveness 





Screening by metal enclosures 
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EMC and Shieldine 


E Screen H Screen 


C=35,a/2 
R=1/od 
L= да13 


l jol 
SE, =20Log,|1+ SE,, 2 20Log,.| 1- —— 
E;F 4 zə”) M gul R ) 


(a) High Q Case (b) Low Q Case 
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10kHz 100kHz 1MHz 10MHz  100MHz  1GHz | 10GHz | 


Frequency 
Holes and apertures 
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EMC and Grounding 


= The classical definition of a ground is "an equipotential point or 
plane which serves as a reference for a circuit or system”. 


= Unfortunately this definition is meaningless in the presence of 
ground current flow. Even where signal currents are negligible, 
induced ground currents due to environmental magnetic or 
electric fields will cause shifts in ground potential. 


= An alternative definition for a ground is "a low impedance path 
by which current can return to its source”. 


= This emphasizes current flow and the consequent need for low 
impedance, and is more appropriate when high frequencies are 
involved. 


It is important to remember that two physically separate 
"ground" points are not at the same potential unless no current 
is flowing between them. 
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EMC and Grounding 


What is a ground? f 


Low-frequencies: ҝ. x R; PANIE | 
Za = 00 | “In(2h/a) 
| E, 


Medium frequencies: Z = jul 
High frequencies: VA = is tan(2z/ / A) 


i / 5 / — A / 4 — Фе y / > QƏ | 1 | 
Ы = = / a in bədi == = 
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EMC and PCB Design 





= High speed 
Logic 
circuits 

= Clock 


= Medium/Low = Low speed 
speed logic input/output 
circuits circuits 


= ADC / DAC = Analog I/O 
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Conclusion 


= EMC engineering is a multidisciplinary activity and involves 
physics, electronics, mechanics, cnemistry and medicine. It has 
design, tests, production, quality, marketing, and legal 
implications. 


= A conventional electromagnetic engineer is concerned with a 
range of product specific issues, whereas EMC engineers are 
concerned with all possible external electromagnetic 
influences on the environment. 


= Moreover, issues related to design, prototying, tests & 
measurements, certification, importing & exporting, etc., have 
to be taken into account. 





L. Sevgi / Hilton-Ankara Apr 13, 2016 


43 


References 





[1] L. Sevgi, Electromagnetic Modeling and Simulation, IEEE Press — 
John Wiley (EM Wave Series), Apr 2014 


[2] L. Sevgi, A Practical Guide to EMC Engineering, ARTECH House, 
Norwood, MA, Mar 2017 


[3] L. Sevgi, "EMC and BEM Engineering Education: Physics based 
Modeling, Hands-on Training and Challenges,” IEEE Antennas and 
Propagation Magazine, Vol. 45, No.2, pp.114-119, April 2003. 


[4] L. Sevgi, "From Engineering Electromagnetics towards 
Electromagnetic Engineering,” ELEKTRIK, Turkish Journal of Electrical 
Engineering and Computer Sciences, Vol. 16, No.1, pp.i-v, Jan 2008 


[5] L. Sevgi, "Electromagnetic Compatibility Engineering Education: 
Problems, Challenges and Perspectives," (special issue) TJEECS, 
Turkish Journal of Electrical Engineering and Computer Sciences, Vol. 
17, No.3, pp. 273-278, Dec 2009 


L. Sevgi / Hilton-Ankara Apr 13, 2016 


